














Abstract:	 The	 increasing	 popularity	 of	 parametric	 design	 tools	 goes	 hand	 in	 hand	 with	 the	 use	 of	 building	
performance	simulation	(BPS)	tools	from	the	early	design	phase.	However,	current	methods	require	a	significant	
computational	 time	 and	 a	 high	 number	 of	 parameters	 as	 input,	 as	 they	 are	 based	 on	 traditional	 BPS	 tools	
conceived	for	detailed	building	design	phase.	Their	application	to	the	urban	scale	is	hence	difficult.	
As	 an	 alternative	 to	 the	 existing	 approaches,	 we	 developed	 an	 interface	 to	 CitySim,	 a	 validated	 building	
simulation	tool	adapted	to	urban	scale	assessments,	bundled	as	a	plug-in	for	Grasshopper,	a	popular	parametric	
design	 platform.	 On	 the	 one	 hand,	 CitySim	 allows	 faster	 simulations	 and	 requires	 fewer	 parameters	 than	
traditional	 BPS	 tools,	 as	 it	 is	 based	 on	 algorithms	 providing	 a	 good	 trade-off	 between	 the	 simulations	
requirements	 and	 their	 accuracy	 at	 the	 urban	 scale;	 on	 the	 other	 hand,	 Grasshopper	 allows	 the	 easy	













part	 of	 the	 design	 process,	 even	 if	 their	 application	 at	 the	 early	 design	 stage	 is	 still	 not	
widespread.	 For	 this	 reason,	 Attia	 et	 al.	 (2009)	 stressed	 the	 importance	 of	 graphical	













limitations.	 	For	 instance,	Ladybug	 (Roudsari	&	Pak,	2013),	a	Grasshopper	plug-in	which	 is	
specifically	conceived	to	support	early-design	decisions	through	solar	and	climate	analysis,	
lacks	 capabilities	 for	 hourly	 solar	 and	 thermal	 simulations.	 Moreover,	 when	 applied	 for	
parametric	analysis	or	optimization	of	a	 large	number	of	design	variants,	 simulations	with	
traditional	 BPS	 are	 time-consuming.	 For	 this	 reason	previous	 applications	were	 limited	 to	
small	samples	of	neighbourhood	designs	(Peronato,	2014),	even	if	a	meta-model	of	building	
energy	performance	can	provide	a	valid	faster	solution	(Nault	et	al.,	2017).	Finally,	a	 large	
number	 of	 parameters	 is	 typically	 required	 by	 traditional	 BPS	 tools,	 and	 the	 lack	 of	
information	at	the	planning	and	early-design	phase	is	hence	a	major	problem.	
In	order	to	overcome	some	of	the	above-mentioned	limitations,	this	paper	presents	a	
new	 tool	 built	 upon	 existing	 software	 intended	 for	 neighbourhood-scale	 assessments	 of	
building	energy	performance,	 integrating	a	 scale-appropriate	 simulation	software	within	a	





Robinson,	 2012),	 a	 simulation	 software	 that	 is	 faster	 and	 requires	 less	 parameters	 than	
conventional	 tools,	as	 it	 includes	models	and	algorithms	that	are	 intended	for	urban-scale	
applications.	CitySim	is	usable	as	a	command-line	solver,	just	like	EnergyPlus	or	ESP-r.	It	takes	
as	 input	an	XML	file	 that	describes	 the	scene	and	saves	as	 text	 files	 the	hourly	simulation	
results.	
The	 tool	 is	developed	as	 sets	of	 components	 for	Grasshopper,	a	popular	parametric	
design	platform,	and	 relies	on	 the	Grasshopper	plug-in	Honeybee	 (Roudsari	&	Pak,	2013).	







among	 computational	 designers	because	of	 its	 integration	 in	many	3D-modeling	 software	
(such	as	Rhinoceros	and	Blender)	and	its	relatively	simple	syntax.	The	plug-in	source	code	is	











Below	are	presented	 the	main	 simulation	parameters	 and	 input	data	 that	 can	be	defined	
through	the	components	composing	the	interface	of	the	tool	(Figure	1).	
Building	geometry	
















condition	 set	 to	 ground	and	other	 surfaces	with	 alternate	boundary	 conditions	which	are	




Geometric	obstructions	can	be	 included	 through	 the	Horizon	 and	ShadingSrf	 components.	
























position	of	windows	on	 façades	 is	usually	not	known,	while	 their	 influence	on	 the	energy	














early-design	 phase.	 Unlike	 the	 GenCumulativeSky	 algorithm	 (Robinson	 &	 Stone,	 2004a),		
included	 in	 Ladybug	 and	 DIVA	 providing	 time-cumulated	 energy	 simulations,	 CitySim	
calculates	hourly	values	of	energy	demand	and	available	solar	irradiation.	The	hourly	analysis	
allows	a	better	understanding	of	energy	flows	than	typical	annual	or	monthly	values	and	can	






The	analysis	of	short-wave	solar	 irradiation	 is	useful	 for	assessments	of	potential	 for	solar	
energy	 systems.	 Typical	 applications	 include	 estimation	 of	 passive	 solar	 gains	 and	 energy	
production	from	solar	thermal	and	photovoltaic	systems	(Compagnon,	2004).	For	this	kind	of	
applications,	a	detailed	surface	analysis	is	typically	required	so	as	to	account	for	the	complex	
urban	shading	and	reflecting	effect	 (Peronato,	Rey,	&	Andersen,	2017a).	Even	 if	CitySim	 is	
conceived	for	thermal	simulations	in	which	a	single	value	of	solar	irradiance	for	each	façade	
is	generally	sufficient,	higher	resolution	assessments	are	also	possible.	We	can	for	example	


















Although	 the	 tool	 relies	 on	 the	 CitySim	 solver,	 at	 the	 current	 development	 stage	 it	 only	
supports	a	small	part	of	its	features.	In	particular,	the	tool	is	limited	to	thermal	loads	and	solar	








of	 surfaces	 (and	mesh	 faces)	 that	 can	 be	 handled	 in	 the	memory	 of	 Rhino-Grasshopper.	
However,	 for	 large-scale	 analysis	 the	 area	 can	 be	 subdivided	 in	 smaller	 tiles,	 a	 common	
approach	in	GIS-based	workflows.	
Allegrini	 et	 al.	 (2013)	 showed	how	 coupling	CitySim	with	 the	CFD	 simulation	engine	
OpenFoam	can	improve	the	accuracy	of	the	simulated	building	energy	demand,	for	instance	
using	 convective	 heat	 transfer	 coefficients	 derived	 from	 the	 CFD	 simulation	 taking	 into	
account	the	actual	air	flows	in	the	urban	environment.	Since	the	Butterfly	plugin-in	recently	






and	built	upon	 its	plugin	Honeybee.	We	described	 the	 tool’s	main	 components	and	 listed	
possible	applications	with	different	experimental	 techniques	and	analysis	 targets.	We	also	
showed	 its	 advantages	 compared	 to	 existing	 tools	 in	 terms	 of	 number	 and	 type	 of	 input	






















(NRP	 70)	 of	 the	 Swiss	 National	 Science	 Foundation	 (SNSF).	 Further	 information	 on	 the	





The	 Grasshopper	 components	 and	 the	 source	 code	 can	 be	 downloaded	 from	 an	 online	
repository	accessible	through	the	following	link:	http://lipid.epfl.ch/GH-CitySim.	
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